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(54) PACKET TRANSMISSION SYSTEM AND PACKET TRANSMISSION METHOD 



(57) When a signal requesting new data transmis- 
sion is input, transmission signal switching section 104 
outputs the output signal from error correction coding 
section 1 02 to modulation section 1 06, and, when a sig- 
nal requesting data retransmission Is input, outputs the 
signal stored in buffer 103 to modulation section 106. 
When the signal requesting new data transmission is in- 
put, modulation scheme determining section 105 con- 
trols modulation section 1 06 in such a way as to perform 
modulation using a modulation scheme of the maximum 
rate. When the signal requesting data retransmission is 
input, modulation scheme determining section 1 05 con- 



trols modulation section 1 06 in such away as to perform 
modulation using a modulation scheme for retransmis- 
sion. With regard to the method of determining the mod- 
ulation scheme for retransmission, possible methods 
may include one that employs the rate obtained by mul- 
tiplying a maximum rate by a predetemrilned fixed 
number (0.5, for instance) and one that employs phase 
modulation schemes such as BPSK and QPSK on a 
fixed basis. By this means it is made possible to reduce 
the number of times retransmission takes place be- 
tween the transmitter and receiver and thus improve the 
transmission efficiency. 
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Description 

Technical Field 

[0001 ] The present invention relates to data transmis- 5 
slon systems and packet transmission methods for use 
in paclcet transmission communication. 

Background Art 

[0002] Typically, in packet communication, an Intend- 
ed level of quality is guaranteed by means of retrans- 
mitting error-detected packets (ARQ: Automatic Repeat 
Request). Below an exchange of a signal between ap- 
paratus used in a typical packet transmission system 
that utilizes ARQ is briefly described. In the following 
description, the apparatus transmitting ARQ data Is re- 
ferred to as the transmission side apparatus, and the 
apparatus receiving the ARQ data Is referred to as the 
reception side apparatus. 

[0003] First, the transmission side apparatus trans- 
mits data to the reception side apparatus at the then 
available maximum rate, and the reception side appa- 
ratus perfomris error detection processing upon the data 
received. 

[0004] When an error is detected, the reception side 
apparatus transmits a signal requesting a retransmis- 
sion of the data (hereinafter called a "NACK signal") to 
the transmission side apparatus. On the other hand, 
when no error is detected, the reception side apparatus 
transmits a signal requesting the transmission of the 
next data (hereinafter called an "ACK signal") to the 
transmission side apparatus. 

[0005] The transmission side apparatus upon receiv- 
ing a NACK signal retransmits the data same as last 
time to the reception side apparatus at the then available 
maximum rate. On the other hand, upon receiving an 
ACK signal, the transmission side apparatus retrans- 
mits the next data to the reception side apparatus at the 
then available maximum rate. 
As thus described, in a typical packet transmission sys- 
tem, the same data Is retransmitted when the reception 
side apparatus makes a retransmission request upon 
detecting an error in received data and the transmission 
side apparatus receives the retransmission request. 
[0006] However, since in such typical packet trans- 
mission system the transmission side apparatus applies 
the same standard upon choosing the transmission 
scheme at the time of retransmission and at the time of 
new transmission, an error will recur if the state of the 
channel is still deteriorated at the time of retransmission. 
As a result, the number of retransmission times increas- 
es and the transmission efficiency decreases. In multi- 
value modulation such as 16QAM, deterioration is par- 
ticularly severe when a multi-path situation exists, and 
increasing the transmission power does not effectively 
heighten the likelihood of each bit. Normally switching 
transmission schemes cannot be performed at such a 



high speed as to follow fading, and so the situation like 
the above occurs frequently. 

Summary of the Invention 

[0007] An object of the present invention is to provide 
a packet transmission system and packet transmission 
method that can reduce the number of times data re- 
transmission takes place between the transmitter and 
receiver and that can improve the transmission efficien- 
cy. 

[0008] The above object can be achieved by applying 
different standards at the time of retransmission and at 
the time of new transmission and by this way selecting 
a transmission scheme of the best error rate feature. 

Brief Description of Drawings 

[0009] 

FIG.1 Is a block diagram showing a configuration of 
a transmission side apparatus in a packet transmis- 
sion system according to Embodiment 1 of the 
present Invention; 

FIG.2 is a block diagram showing a configuration of 
a reception side apparatus in a packet transmission 
system according to Embodiment 1 of the present 
invention; 

FIG. 3 shows a drawing that describes the relation- 
ship between modulation schemes and reception 
results of transmission packets in a packet trans- 
mission system according to Embodiment 1 of the 
present invention; 

FIG.4 Is a block diagram showing a configuration of 
a transmission side apparatus in a packet transmis- 
sion system according to Embodiment 2 of the 
present invention; 

FIG. 6 is a block diagram showing a configuration of 
a reception side apparatus in a packet transmission 
system according to Embodiment 2 of the present 

invention; 

FIG.6 Is a block diagram showing a configuration of 
a transmission side apparatus in a packet transmis- 
sion system according to Embodiment 3 of the 
present Invention; and 

FIG. 7 is a block diagram showing a configuration of 
a reception side apparatus In a packet transmission 
system according to Embodiment 3 of the present 
invention. 

Best Mode for Carrying Out the Invention 

[0010] With reference to the accompanying drawings 
now, embodiments of the present invention will be de- 
scribed below. Each embodiment below will describe a 
case where the modulation scheme is subject to control, 
which is one transmission scheme. 
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(Embodiment 1) 

[0011] FIG.1 is a block diagram showing a configura- 
tion of a transmission side apparatus in a packet trans- 
mission system according to Embodiment 1 of the 
present invention. 

[0012] Transmission side apparatus shown in FIG.1 
comprises error detection bit addition section 1 01 , error 
correction coding section 102, buffer 103, transmission 
signal switching section 104, modulation scheme deter- 
mining section 105, modulation section 106, transmis- 
sion radio section 1 07, antenna 1 08, antenna share sec- 
tion 1 09, reception radio section 1 1 0, demodulation sec- 
tion 111 , and separation section 112. 
[0013] Error detection bit addition section 101 multi- 
plies bits for error detection to transmission data subject 
to ARQ. Error correction coding section 102 perfomns 
error correction coding processing on the output signal 
from error detection bit addition section 1 01 . Buffer 1 03 
accumulates the output signal from error correction cod- 
ing section 102 on a temporary basis. 
[0014] When a signal requesting the transmission of 
the next data (hereinafter called an "ACK signal") is in- 
put from separation section 112, transmission signal 
switching section 104 outputs the signal encoded in er- 
ror correction coding section 102 to modulation section 
1 06. On the other hand, when a signal requesting a re- 
transmission of the data (hereinafter called a "NACK 
signal") is input from separation section 112, transmis- 
sion signal switching section 1 04 outputs the signal ac- 
cumulated in buffer 103 to modulation section 106. 
[0015] IVIodulation scheme determining section 105 
determines the modulation scheme based on the ACK/ 
NACK signal input from separation section 112 and a 
signal that shows the quality of the received signal 
(hereinafter called a "reception quality signal"), and ac- 
cordingly controls modulation section 106. The details 
of the modulation scheme determining method in mod- 
ulation scheme determining section 105 will be de- 
scribed later 

[0016] IVIodulation section 106 modulates the output 
signal from transmission signal switching section 104 
using the modulation scheme based on control of mod- 
ulation scheme detennining section 105. Transmission 
radio section 107 performs predetermined radio 
processing such as up-conversion upon the output sig- 
nal from modulation section 106. 
[0017] Antenna share section 109 transmits the out- 
put signal from transmission radio section 1 07 by wire- 
less from antenna 108 and outputs the signal received 
by antenna 108 to reception radio section 110, 
[0018] Reception radio section 110 performs prede- 
termined radio processing such as down-conversion up- 
on the output signal from antenna share section 109. 
Demodulation section 111 demodulates the output sig- 
nal from reception radio section 110. 
[0019] Separation section 112 separates the output 
signal from demodulation section 1 1 1 into three, that is. 



327 A1 




into received data, ACK/NACK signal, and reception 
quality signal, and outputs the received data to an un- 
shown reception processing circuit of a later stage, 
theACK signal orthe NACK signal to transmission signal 

5 switching section 104 and modulation scheme deter- 
mining section 105, and the reception quality signal to 
modulation scheme determining section 105. 
[0020] FIG.2 is a block diagram showing a configura- 
tion of a reception side apparatus in a packet transmis- 

^0 slon system according to Embodiment 1 of the present 
Invention. 

[0021] Reception side apparatus 150 shown In FIG.2 
comprises antenna 151 , antenna share section 152, re- 
ception radio section 1 53, demodulation section 1 54, er- 

15 ror correction decoding section 155, error detection sec- 
tion 156, reception quality measuring section 157, trans- 
mission frame making section 158, modulation section 
159, and transmission radio section 160. Antenna share 
section 152 transmits the output signal from transmis- 

20 sion radio section 160by wireless from antenna 151 and 
outputs the signal received by antenna 1 51 to reception 
radio section 153. 

[0022] Reception radio section 153 performs prede- 
termined radio processing such as down-conversion up- 

25 on the output signal from antenna share section 152. 
Demodulation section 154 demodulates the output sig- 
nal from reception radio section 153. Error correction 
decoding section 155 performs decoding processing for 
error correction upon the demodulated data output from 

30 demodulation section 154. 

[0023] Error correction decoding section 156 per- 
fomis decoding processing for error correction upon the 
demodulated data output from demodulation section 
155, Error detection section 156, when detecting no er- 

35 ror, outputs an ACK signal to transmission frame making 
section 158, and, when detecting an error, outputs a 
NACK signal to frame making section 158. 
[0024] Reception quality measuring section 157 ac- 
quires the quality of the received signal by measuring 

40 SIR (Signal-to-interference Ratio) or the received elec- 
tric field strength, and outputs a reception quality signal 
that shows the quality of this received signal to trans- 
mission frame making section 158. 
[0025] Transmission frame making section 158 per- 

45 fomns framing that multiplexes the ACK signal/NACK 
signal and reception quality signal into transmission da- 
ta and outputs the transmission frame signal, which is 
a framed signal, to modulation section 159. 
[0026] Modulation section 159 modulates the trans- 

50 mission frame signal. Transmission radio section 160 
performs predetemnined radio processing such as up- 
conversion upon the output signal from modulation sec- 
tion 159. 

[0027] Next, the flow of the data transmission 
55 processing that is perf omned between transmission side 
apparatus 100 and reception side apparatus 150 will be 
described. Transmission data subject to ARQ is first 
added bits for error detection in bit addition section 101 
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of transmission side apparatus 100 and In en'or con'ec- 
tlon coding section 102 subjected to error correction 
coding processing. The transmission signal that has 
been subjected to error correction coding processing is 
accumulated in buffer 103 and meanwhile output to 
modulation section 106 by way of transmission signal 
switching section 104. 

[0028] in modulation sectioni 06 the transmission sig- 
nal is modulated using the modulation scheme of the 
then maximum rate by control of modulation scheme de- 
temnining section 105, and the modulated transmission 
Is subjected to predetemnined radio processing in trans- 
mission radio section 1 07 and then transmitted by wire- 
less from antenna 1 08 by way of antenna share section 
109. 

[0029] The signal transmitted by wireless from trans- 
mission side apparatus 1 00 is received by antenna 1 51 
of reception side apparatus 150 and then output to re- 
ception radio section 1 53 by way of antenna share sec- 
tion 152. In reception radio section 163, predetemnined 
radio processing is performed upon the received signal 
of a radio frequency, and the received signal of a base- 
band is output to reception quality measuring section 
157 and demodulation section 154. In reception quality 
measuring section 1 57, the quality of the received signal 
is acquired, and a reception quality signal for this re- 
ceived signal is output to transmission frame making 
section 158. 

[0030] Moreover, the received signal is demodulated 
In demodulation section 154. The demodulated data is 
subjected to decoding processing for error detection In 
error connection decoding section 155, and error detec- 
tion Is performed In error detection section 156. If an 
error Is detected here, a NACK signal is output from er- 
ror detection section 156 to transmission frame making 
section 158. 

[0031] In transmission frame making section 158, 
framing is performed that multiplexes the reception 
quality signal and NACK signal into transmission data, 
and the transmission frame signal is output to modula- 
tion section 159. 

[0032] The transmission frame signal is modulated In 
modulation section 159, and, after subjected to prede- 
termined radio processing in transmission radio section 
160, transmitted by wireless from antenna 151 by way 
of antenna share section 152. 
[0033] The signal transmitted by wireless from recep- 
tion side apparatus 150 is received by antenna 108 of 
transmission side apparatus 1 00 and then output to re- 
ception radio section 110 by way of antenna share sec- 
tion 1 09. The signal is then subjected to predetermined 
radio processing in reception radio section 110 and de- 
modulation in demodulation section 111, and then out- 
put to separation section 112. 
[0034] In separation section 112, the demodulated 
signal is separated into three, that Is, Into received data, 
NACK signal, and reception quality signal, and the re- 
ceived data is output to an unshown reception process- 



ing circuit of a later stage, the NACK signal is output to 
transmission signal switching section 104 and modula- 
tion scheme determining section 105, and the reception 
quality signal is output to modulation scheme determin- 

5 Ing section 105. 

[0035] When a retransmission request is recognized 
from the NACK signal In transmission signal switching 
section 1 04 , the signal accumulated In buffer 1 03 (here- 
inafter called "retransmission signal") is output to mod- 

10 ulation section 1 06 by way of transmission signal switch- 
ing section 104. 

[0036] On the other hand, when a retransmission re- 
quest Is recognized from the NACK signal in modulation 
scheme detennining section 105, a modulation scheme 

15 for retransmissions is detemilned. In modulation 
sectioni 06, the retransmission signal Is modulated us- 
ing the modulation scheme for retransmission by control 
of modulation scheme determining section 1 05, and the 
modulated retransmission is subjected to predeter- 

20 mined radio processing In transmission radio section 
1 07 and then transmitted by wireless from antenna 1 08 
by way of antenna share section 109. 
[0037] The retransmission signal transmitted by wire- 
less from transmission side apparatus 100 is received 

25 by antenna 151 of reception side apparatus 150 and 
then output to reception radio section 153 by way of an- 
tenna share section 152. In reception radio section 153, 
predetermined radio processing is performed upon the 
received retransmission signal of a radio frequency, and 

30 the received retransmission signal of a baseband is out- 
put to reception quality measuring section 157 and de- 
modulation section 154. 

[0038] In reception quality measuring section 157, the 
quality of the received retransmission signal Is acquired, 

35 and a reception quality signal for this received retrans- 
mission signal is output to transmission frame making 
section 158. The received retransmission signal is de- 
modulated in demodulation section 154. 
[0039] The demodulated retransmission data Is sub- 

40 jected to decoding processing for error detection In error 
correction decoding section 155, and error detection is 
performed In error detection section 156. If no error is 
detected here, an ACK signal is output from error detec- 
tion section 156 to transmission frame making section 

45 1 58, and the received demodulated data is output to an 
unshown reception processing circuit of a later stage. 
[0040] In transmission frame making section 158, 
framing is perfomned that multiplexes the ACK signal 
and reception quality signal Into transmission data, 

so which Is then transmitted by wireless from antenna 1 51 
by way of modulation section 159, transmission radio 
section 1 60, and antenna share section 152. The signal 
received by antenna 108 of the transmission side appa- 
ratus 100 is output to separation section 112 by way of 

55 antenna share section 1 09, reception radio section 110, 
and demodulation section 1 11 , and the separated ACK 
signal is output to transmission signal switching section 
104 and modulation scheme detennining section 105, 
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while the separated reception quality signal Is output to 
modulation scheme detennlnlng section 105. 
[0041] Thereafter, by switching control of transmis- 
sion signal switching section 104, a new transmission 
signal is output from error correction coding section 1 02 
to modulation section 106, and a new transmission sig- 
nal is accumulated in buffer 103. In modulation 
section 106, the transmission signal is modulated using 
the modulation scheme of the then maximum rate by 
control of modulation scheme detennining section 105, 
and the modulated transmission signal is subjected to 
predetermined radio processing in transmission radio 
section 107 and then transmitted by wireless from an- 
tenna 108 by way of antenna share section 1 09. 
[0042] As thus described, with the packet transmis- 
sion system according to Embodiment 1 of the present 
invention, different modulation schemes are used at the 
time of new transmission and at the time of retransmis- 
sion. 

[0043] Next, the details of the modulation scheme de- 
termining method in modulation scheme detemnining 
section 105 will be described. First, on the basis of re- 
ception quality signal, modulation scheme determining 
section 105 acquires a maximum rate modulation 
scheme whereby intended reception quality can be 
achieved. For example, when the reception quality is 
good, a high-speed rate modulation scheme such as 
1 6QAI\^ or 64QAM is used, and when the reception qual- 
ity is poor, a low-speed rate modulation scheme such 
as QPSK is used. 

[0044] When an ACK signal is input, modulation 
scheme determining section 105 controls modulation 
section 1 06 in such a way as to perfomi modulation us- 
ing the acquired maximum rate modulation scheme. On 
the other hand, when a N ACK signal is input, modulation 
scheme detennining section 105 controls modulation 
section 106 in such away as to perform modulation us- 
ing a modulation scheme for retransmission. 
[0045] With regard to the method of detennining the 
modulation scheme for retransmission, possible meth- 
ods may Include one that employs the rate obtained by 
multiplying a maximum rate by a predetennlned fixed 
number (0.5, for instance) and one that employs phase 
modulation schemes such as BPSK and QPSK on a 
fixed basis. 

[0046] By setting the retransmission rate below the 
maximum rate, it is possible to heighten the precision of 

error correction decoding and improve the reception 
quality after retransmission. In particular, the error rate 
feature becomes good when modulation is perfomned 
using BPSK or QPSK, which makes possible the most 
efficient reception quality improvement after retransmis- 
sion. 

[0047] Nevertheless, if the multivalued number at the 
time of new transmission is big, using BPSK or QPSK 
for retransmission requires considerable data punctur- 
ing. So, with some error correction codes, it may be 
more advantageous to use 8PSK with a greater number 



of bits despite the fact that it is somewhat inferior to 
BPSK and QPSK in tenns of error rate feature. With re- 
spect to turbo codes and convolutional codes and such, 
there are cases where retransmitting high likelihood bits 

5 results in better perfomaance than retransmitting low 
likelihood bits over and over again, and so advanta- 
geous modulation schemes are ones that are efficient 
with little energy for each bit such as QPSK and BPSK 
or ones of a low multivalued number such as 8PSK. 

10 [0048] FIG.3 shows a drawing that describes the re- 
lationship between modulation schemes and reception 
results of transmission packets in a packet transmission 
system according to the present embodiment of the 
present invention. In FiG.3, a case is illustrated where 

15 an error is detected in packets A and D (NG) while the 
other packets are received correctly (OK). In addition, 
in FIG.3, the maximum rate modulation scheme in inter- 
val 201 is 1 6QAM, whereas the maximum rate modula- 
tion scheme in interval 202 is BPSK. 

20 [0049] In the case illustrated in FIG.3, the reception 
side apparatus transmits a NACK signal to the transmis- 
sion side apparatus in order to request a retransmission 
of packets A and D. The transmission side apparatus, 
when retransmitting packets A and D, performs modu- 

25 latlon using a modulation scheme for retransmission, 
namely QPSK, instead of the maximum rate modulation 
scheme. 

[0050] As described above, by using at the time of re- 
transmission a standard that differs from that for new 

30 transmission and by this way selecting a modulation 
scheme of good error rate feature, it is possible to re- 
duce the number of times retransmission takes place 
between the transmitter and receiver and to improve the 
transmission efficiency. 

35 [0051] Here, the maximum rate modulation scheme 
input into modulation scheme detennining section 105 
is one forthe time being (for the particular moment) and 
varies continuously with time. In consideration of this 
point, it is also possible to observe maximum rate mod- 

40 ulation schemes over a long period of time and deter- 
mine the modulation scheme for retransmission based 
on the result of the observation. 
[0052] With regard to the specific method of conduct- 
ing a long-tenn observation and detennining the modu- 

45 lation scheme, one possible method is to turn modula- 
tion schemes into numbers from low numerical value 
ones (for instance, BPSK into 0, QPSK into 1 , 8PSK into 
2, 16QAM into 3, and so on), average them over a long 
period of time, and then employ the modulation scheme 

50 of the numerical value closest to the average value. In 
this case. It is also possible to weight modulation 
schemes that are old in time less and then average 
them. In addition, another possible method is to take his- 
tograms over a set period of time, and use the modula- 

55 tion scheme of the greatest number. 

[0053] As thus described, even though switching 
transmission schemes cannot be done at such a high 
speed as to follow fading, by detennining the modulation 
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scheme at the time of retransmission based on the result 
of observing maximum rate modulation schemes over a 
long period of time, It Is possible to retransmit data using 
the most suitable modulation scheme and to further Im- 
prove the transmission efficiency. 
[0054] Although in the above description reception 
quality is measured in the reception side apparatus, the 
present Invention is not limited thereto and it is also pos- 
sible that In TDD schemes and such the transmission 
side apparatus measures the quality of the reverse 
channel to guess the reception quality in the reception 
side apparatus. 

(Embodiment 2) 

[0055] A case will be described here with Embodi- 
ment 2 where the reception side apparatus detemnines 
the modulation scheme. FIG.4 is a block diagram show- 
ing a configuration of a transmission side apparatus in 
a packet transmission system according to Embodiment 
2 of the present invention. FIG.5 is a block diagram 
showing a configuration of a reception side apparatus 
in a packet transmission system according to Embodi- 
ment 2 of the present invention. Parts in the transmis- 
sion side apparatus shown in FiG.4 Identical to those In 
above FIG.1 are assigned the same codes as in FIG.1 
and their detailed explanations are omitted. Parts in the 
reception side apparatus in FIG. 5 identical to those In 
above FIG. 2 are assigned the same codes as In FIG.2 
and their detailed explanations are omitted. 
[0056] Transmission side apparatus 300 shown in 
FIG.4 employs a configuration In which modulation 
scheme determining section 1 05 is removed from trans- 
mission side apparatus 100 shown in FIG.1 Reception 
side apparatus 350 shown in FIG.5 employs a configu- 
ration in which modulation scheme detemnining section 
351 Is added to reception side apparatus 150 shown In 
FIG.2. 

[0057] In reception side apparatus 350, error detec- 
tion section 1 56 upon detecting no error outputs an ACK 
signal to transmission frame making section 158 and 
modulation scheme determining section 351 , and upon 
detecting an error outputs a NACK signal to transmis- 
sion frame making section 158 and modulation scheme 
determining section 351. Reception quality measure- 
ment section 157 outputs a reception quality signal to 
modulation scheme determining section 351 . 
[0058] Modulation scheme determining section 351 
determines the modulation scheme based on the ACK 
sIgnal/NACK signal and reception quality signal, and 
outputs a modulation scheme signal denoting the deter- 
mined modulation scheme to transmission frame mak- 
ing section 158. With respect to the methods of deter- 
mining the modulation scheme In modulation scheme 
detemnining section 351 , all that are described with ref- 
erence to modulation scheme determining section 105 
of Embodiment 1 are applicable. Moreover, it is also 
possible that at the time of retransmission (when an 



NACK signal is input) modulation scheme determining 
section 351 subtracts a predetermined constant from 
the SIR measured by reception quality measuring sec- 
tion 157 and determines the maximum rate modulation 
5 scheme at the subtraction value as the modulation 
scheme for retransmission. 

[0059] Transmission frame making section 1 58 per- 
forms framing whereby the ACK signal/NACK signal 
and modulation scheme signal are multiplexed into 
10 transmission data. The transmission frame signal is 
transmitted by wireless from antenna 151 by way of 
modulation section 159, transmission radio section 160, 
and antenna common use section 152. 
[0060] Then, the signal received by antenna 108 of 
15 transmission side apparatus 300 is output to separation 
section 112 by way of antenna 109, reception radio sec- 
tion 110, and demodulation section 111 , and the sepa- 
rated ACK signal/NACK signal is output to transmission 
signal switching section 104, and the separated modu- 
lo latlon scheme signal is output to modulation scheme de- 
termining section 105. 

[0061 ] When an ACK signal is input, transmission sig- 
nal exchange section 1 04 outputs the signal encoded in 
error correcting coding section 102 to modulation sec- 

25 tion 1 06, and, when a NACK signal is input, outputs the 
signal stored in buffer 103 to modulation section 106. 
Modulation section 106 modulates the output signal 
from transmission signal switching section 1 04 using the 
modulation scheme based on the modulation scheme 

30 signal and outputs the modulated output signal to trans- 
mission radio section 107. 

[0062] As thud described, It Is possible to determine 
In the reception side apparatus the modulation scheme 
for retransmission on the basis of reception quality. 

35 

(Embodiment 3) 

[0063] When error correction coding Is performed us- 
ing turbo codes and such, improving the quality of spe- 

40 cific codes alone makes the effect of error correction 
greater. Then, lately hybridARQ draws attention, where- 
by at the time of retransmission the transmission side 
apparatus selects and transmits specific bits to the re- 
ception side apparatus, and in the reception side appa- 

45 ratus the retransmission signal and already received 
signal are combined to improve perfomnance. A case 
will be described here with Embodiment 3 where the 
present Invention is applied to hybrid ARQ. 
[0064] FIG.6 is a block diagram showing a configura- 

50 tion of a transmission side apparatus In a packet trans- 
mission system according to Embodiment 3 of the 
present Invention. FIG.7 is a block diagram showing a 
configuration of a reception side apparatus In a packet 
transmission system according to Embodiment 3 of the 

55 present invention. Parts In the transmission side appa- 
ratus shown in FIG. 6 identical to those in above FIG.1 
are assigned the same codes as In FIG.1 and their de- 
tailed explanations are omitted. Parts in the reception 
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side apparatus shown in FIG.7 identical to those In 
above FIG.2 are assigned the same codes as In FIG.2 
and their detailed explanations are omitted. 
[0065] Transmission side apparatus 400 shown in 
FIG. 6 maintains the configuration of transmission side 
apparatus 1 00 shown In FIG.1 , to which puncturing sec- 
tion 401 is added. IVloreover, transmission side appara- 
tus 450 shown in FIG.7 employs a configuration In which 
data holding section 451 Is added to reception side ap- 
paratus 150 shown In FIG.2. 

[0066] Separation section 1 1 2 outputs a NACK signal 
to transmission signal switching section 104, modula- 
tion scheme determining section 1 05, and to puncturing 
section 401 . 

[0067] When the NACK signal is input, puncturing 
section 401 extracts only specific bits from the signal 
accumulated in buffer 103 and then outputs these bits 
to transmission signal switching section 104. 
[0068] When an ACK signal is input, transmission sig- 
nal switching section 1 04 outputs the signal encoded in 
error correction coding section 102 to modulation sec- 
tion 1 06, and, when a NACK signal is input, outputs the 
signal extracted in puncturing section 401 to modulation 
section 106. 

[0069] Error correction decoding section 155 per- 
forms decoding processing for error correction to the de- 
modulated data output from demodulation section 154 
and outputs the decoded data to error detection section 
156 and data holding section 451. Moreover, when a 
NACK signal is Input from error correction section 156, 
error correction decoding section 155 performs decod- 
ing processing for error connection by combining the de- 
modulated data output from demodulation section 154 
and the data held in data holding section 451 . 
[0070] When detecting an error in the decoded data, 
error detection section 156 outputs the NACK signal to 
transmission frame making section 168 and error cor- 
rection decoding section 155. 
[0071 ] Data holding section 451 holds the output data 
from error con-ection decoding section 155 by writing the 
output data over already held data. 
[0072] As described above, by thus extracting and 
transmitting only specific bits at the time of retransmis- 
sion, it is possible to make up the deficiency that the use 
of a transmission scheme of a good error rate feature 
results in a decrease in data rate. For example, when 
the modulation scheme at the time of new transmission 
is 1 6QAIVI and the modulation scheme at the time of re- 
transmission is QPSK, retransmitting all data would re- 
quire twice as much time as new transmission, and yet 
if by means of puncturing the amount of data for retrans- 
mission becomes half, it is possible to make times for 
retransmission and new transmission equal. 
[0073] incidentally, although with each of the above- 
described embodiments the modulation scheme alone 
Is dealt with as the transmission scheme and is made 
different between new transmission and retransmission, 
the present Invention Is not limited thereto and is suita- 



ble to any parameters that establish a trade-off relation- 
ship between transmission rate and reception quality, 
such as spreading rate in CDMA, coding rate for error 
connection codes, orthe ratio of puncturing. Although the 
5 number of bits decreases by puncturing, this method is 
still effective as there are cases where high-likelihood 
bits by half the number contribute more to the reception 
side apparatus than transmitting all signals by multival- 
ue modulation. 

10 [0074] As described above, according to the present 
invention, transmission can be perfomned using a trans- 
mission scheme of a good error rate feature at the time 
of retransmission, which makes It possible to reduce the 
number of time retransmission takes place between the 

15 transmitter and receiver and to improve the transmis- 
sion efficiency, 

[0075] The present specification is based on Japa- 
nese Patent Application No. 2001-078467 filed on 
March 1 9, 2001 , entire content of which is expressly in- 
20 corporated herein for reference. 

Industrial Applicability 

[0076] The present invention suits for use in base sta- 
25 tion apparatus and communication tenninal apparatus 
for packet transmission communication. 



Clainfis 

30 

1 . A packet transmission system, comprising: 

a transmission side apparatus that transmits 
data by adaptively controlling a transmission 
35 scheme, and 

a reception side apparatus that receives the da- 
ta transmitted from said transmission side ap- 
paratus, wherein 

said reception side apparatus transmits to said 
40 transmission side apparatus a signal that re- 

quests a retransmission of data with which an 
error is detected, and 

said transmission side apparatus transmits re- 
transmission data by a transmission scheme 
45 selected by a different standard from new trans- 

mission. 

2. The packet transmission system according to claim 

1 , wherein said transmission side apparatus trans- 
50 mits new data by a transmission scheme of an op- 
timum rate to achieve intended quality and trans- 
mits retransmission data by a transmission scheme 
of an better error rate feature than said transmission 
scheme of an optimum rate to achieve intended 

55 quality. 

3. The packet transmission system according to claim 

2, wherein said transmission side apparatus trans- 
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mits said retransmission data by a transmission 
scheme of a rate obtained by multiplying said opti- 
mum rate to achieve Intended quality by a predeter- 
mined constant. 

The packet transmission system according to claim 
1, wherein said transmission side apparatus ob- 
serves said transmission scheme of an optimum 
rate to achieve intended quality over a period of time 
and based on a result thereof detemnines a trans- 
mission scheme for retransmission. 

The packet transmission system according to claim 
4, wherein said transmission side apparatus deter- 
mines said transmission scheme for retransmission 
based on an average value of said optimum rate to 
achieve Intended quality. 



that is subjected to said error correction coding 
processing at time of retransmission. 

13. A base station apparatus comprising a transmission 
5 side apparatus for the packet transmission system 

of claim 1 . 

14. A communications temninal apparatus comprising a 
reception side apparatus for the packet transmis- 

10 sions system of claim 1 . 

15. A packet transmission method, whereby in case an 
error Is detected in data In a data reception side ap- 
paratus, said data is retransmitted by a transmis- 

15 sion scheme that Is selected by a different standard 
from new transmission. 



6. The packet transmission system according to claim 

1 , wherein said transmission side apparatus mod- 20 
ulates and transmits retransmission data by a 
phase modulation scheme. 

7. The packet transmission system according to claim 

6, wherein said transmission side apparatus mod- 25 
ulates and transmits said retransmission data by 
QPSK, 



8. The packet transmission system according to claim 
6, wherein said transmission side apparatus mod- 30 
ulates and transmits said retransmission data by 
BPSK. 



9. The packet transmission system according to claim 
1, wherein said reception side apparatus deter- 55 
mines a transmission scheme for retransmission in 
said transmission side apparatus on the basis of re- 
ception quality. 



10. The packet transmission system according to claim 40 
9, wherein said reception side apparatus desig- 
nates a transmission scheme of an optimum rate to 
achieve intended quality at a value obtained by sub- 
tracting a predetermined constant from a received 
SIR as said transmission scheme for retransmis- 
sion. 



1 1 . The packet transmission system according to claim 

I, wherein said transmission side apparatus per- 
fomns error correction coding processing on trans- so 
mission data and transmits said transmission data, 
and wherein said reception side apparatus per- 
forms error correction coding by combining retrans- 
mitted received data and already received data. 

55 

12. The packet transmission system according to claim 

I I , wherein said transmission side apparatus trans- 
mits only a specific bit from said transmission data 
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